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In many animal taxa, coloration is a visual signal used for communication among 
conspecifics, for example between age classes. Juvenile coloration has been 
hypothesized to reduce aggression from adults in some species, in what is called the 
aggression avoidance hypothesis. Spiny-footed lizards are good subjects for testing this 
hypothesis, as juveniles develop conspicuous red coloration on their hind limbs and tails 
that fades in adulthood. To test the influence of juvenile coloration on adult 
aggressiveness, we conducted videotaped encounters in captivity between adults of both 
sexes and juveniles with their natural red coloration, or experimentally painted either 
red or white on their natural red parts. Then we recorded the number of times juveniles 
were bitten and attacked. In unpainted juveniles, no significant relationship was found 
between juvenile coloration (brightness, red chroma or hue) and adult aggressiveness. 
However, juveniles painted red were bitten less than those painted white when number 
of times bitten was controlled for number of times attacked. This result supports the 
aggression avoidance hypothesis, as an escalation from low-intensity (attacking) to 
high-intensity aggression (biting) was less probable towards red juveniles. The presence 
of red coloration in juveniles caused the reduction in adult aggression, while small 
natural variations in this red colour did not seem to have any further effect. Juvenile red 
coloration in this species might indicate age or sexual immaturity to adults. 
 
Keywords: aggression avoidance, between-age class communication, female mimicry, 
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 Animal communication involves a wide variety of signals (Bradbury & 
Vehrencamp, 2011). One of them is coloration, which serves, among other functions, for 
intraspecific communication between age classes in several taxa (e.g. Barrios-Miller & 
Siefferman, 2013; Hawkins, Hill & Mercadante, 2012). Intraspecific communication 
based on coloration is commonly studied under the paradigm of sexual selection, but 
much less is known about the signalling function of juvenile coloration (but see Bailey, 
2011; Barrios-Miller & Siefferman, 2013; de Ayala, Saino, Møller & Anselmi, 2007; 
Tringali & Bowman, 2012; van den Brink, Henry, Wakamatsu & Roulin, 2012). 
Conspicuous juvenile coloration is not very common (Cott, 1940), but is present in 
some species and may, for example, modulate parental investment in offspring feeding 
and defence (Barrios-Miller & Siefferman, 2013; de Ayala et al., 2007), or indicate age 
(Hawkins et al., 2012; Kemp, 2006). One of the main hypotheses explaining the 
evolution of conspicuous coloration in juveniles is the aggression avoidance hypothesis, 
which states that juvenile coloration reduces adult aggression towards juveniles, and is 
supported by studies in several animal groups (Clark & Hall, 1970; Hill, 1989; Ochi & 
Awata, 2009). Despite this support, the effects of juvenile coloration on adult 
aggressiveness are still under debate (Cooper & Greenberg, 1992; Hawkins et al., 2012).  
 Lizards are good subjects for testing the aggression avoidance hypothesis, as 
juveniles of several species have conspicuous coloration that fades when they reach 
sexual maturity (Carpenter, 1995; Cooper & Greenberg, 1992; Hawlena, Boochnik, 
Abramsky & Bouskila, 2006). This hypothesis was first proposed in lizards by Clark 
and Hall (1970), who suggested that juveniles develop such coloration to show 
aggressive adult males that they are not competitors, and are therefore attacked less. It 
has been suggested that this mechanism is beneficial to both adults and juveniles, as it 
reduces the possibility of the former attacking their own offspring and lessens adult 
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aggression on the latter with the associated stress and/or risk of injury. The few previous 
studies analysing the role of juvenile lizard coloration in interactions between age 
classes have used different methods and reached different conclusions, even within the 
same species. Clark and Hall (1970), for example, found fewer attacks from Plestiodon 
(Eumeces) fasciatus adult males towards conspecific juveniles with blue tails compared 
to juveniles with autotomized tails, whereas other authors (Cooper & Vitt, 1985) did not 
find such differences, either in the same or in other species. However, experiments 
comparing adult aggression towards juveniles with and without tails do not seem the 
best procedure to examine the effects of juvenile tail coloration on adult behaviour. 
Another technique used to study the adaptive value of juvenile coloration is to 
experimentally paint the coloured patches that are presumed to reduce adult aggression. 
In some species, paint has been used to cover typical juvenile colour patches and no 
significant differences in adult aggression towards painted and unpainted juveniles were 
found (Cooper & Vitt, 1985; Husak, McCoy, Fox & Baird, 2004). However, in other 
species, subadult males painted to mimic juveniles/females were more tolerated by adult 
males than unpainted ones (Werner, 1978). In this case, painted subadult males were 
probably recognized as adult females and not as juveniles, because adult males 
approached them in the typical way they approach adult females, while juveniles are 
usually chased away (Werner, 1978). The disparity of results found in the few studies 
that have attempted to test the aggression avoidance hypothesis in lizards makes 
necessary more research on the factors driving the evolution of juvenile conspicuous 
coloration in this taxon. 
 Two main types of aggression may be seen in lizards: attacking (fast direct 
approach), which can be considered low-intensity aggression, and biting, which can be 
considered high-intensity aggression. Although biting may sometimes cause lethal 
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injuries, more often it just increases the probability of mortality, for example, by causing 
open wounds that are susceptible to infection, or the loss of part of the tail, thus 
depriving the individual of an antipredator mechanism and fat stores (Arnold, 1984; 
Arnold, 1988; Bauwens, 1981; Wilson, 1992). The loss of the tail may be even more 
important for juveniles than for adults, as the former will need to invest resources in tail 
regeneration that will not be available for somatic growth (Bateman & Fleming, 2009). 
Furthermore, attacks (without biting) might also reduce juvenile survival rate, for 
example, if subordinate individuals are forced to live in suboptimal habitats (Carothers, 
1981), or if escaping from attack involves loss of foraging opportunities (Cooper, 2000; 
Cooper, Pérez-Mellado, Baird, Baird, & Caldwell, 2003; Pérez-Cembranos, Pérez-
Mellado & Cooper, 2013). Therefore, if a signal of age or sexual immaturity can deter 
adult aggression, it will increase juvenile survival and thus individual fitness, and will 
be evolutionarily selected.  
 The spiny-footed lizard is a good model organism for testing the aggression 
avoidance hypothesis, as juveniles of this species have conspicuous red coloration on 
their hind limbs and tails that fades in adulthood. Aggression avoidance could be an 
explanation for juvenile coloration in this species, because juveniles and adults coexist 
(Seva Román, 1982), and although juveniles usually occupy more open areas than 
adults (Seva Román, 1982), there are frequently encounters between individuals of both 
age classes in which juveniles flee from adults (personal observation). In the present 
study, we tested the aggression avoidance hypothesis in spiny-footed lizards through an 
experimental approach, specifically examining (1) whether the number of times 
unmanipulated juveniles were attacked and bitten by adults of both sexes was related to 
red colour parameters (brightness, red chroma and hue), and (2) whether the number of 
attacks and bites by adults of both sexes differed between juveniles painted red 
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(imitating juvenile coloration) or white (imitating adult coloration). According to the 
aggression avoidance hypothesis, redder juveniles were expected to be attacked and 
bitten less. Aggressiveness was also expected to be higher in adult males than in adult 
females, as encounters between age classes were conducted during the mating period, 
when male lizards are assumed to be more aggressive (Baird, Timanus & Sloan, 2003). 
 
 
METHODS 
 
Study Species 
 
 The spiny-footed lizard is medium-sized (snout–vent length (SVL) and total 
length up to around 80 and 230 mm, respectively; Carretero & Llorente, 1993; Seva 
Román, 1982), although sizes can vary between populations. In populations in central 
Spain, this species reaches sexual maturity when males are 58–65 mm SVL and females 
60–66 mm SVL (Bauwens & Díaz-Uriarte, 1997), during their second spring. At our 
study site, the mating period runs from May to June; newborn lizards appear in mid-
August and are active until November. At the beginning of April, these lizards become 
active again, and they do not reach sexual maturity until the following spring. These 
observations agree with those described for other populations in central Spain (Castilla, 
Barbadillo & Bauwens, 1992; Pollo & Pérez-Mellado, 1990). Therefore, all individuals 
can be divided into three rough age categories, hereafter referred to as hatchlings (from 
hatching until the first winter), juveniles (from first to second winter) and adults (from 
the second winter onwards). 
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 Coloration in this species undergoes ontogenetic changes. Juveniles develop red 
coloration on the rear part of their hind limbs and the ventrolateral part of their tails 
(Carretero & Llorente, 1993; Seva Román, 1982). Juvenile males lose the red colour at 
the end of their second summer, whereas juvenile females retain it through adulthood 
(Seva Román, 1982). In the second spring, when animals of both sexes reach sexual 
maturity, sexual dichromatism becomes evident: while males show white coloration on 
the rear part of their hind limbs and the ventrolateral part of their tails, females retain 
red coloration in these body parts until they are gravid, when they lose their red colour 
and become pallid yellow, nearly white (Cuervo & Belliure, 2013; Seva Román, 1982). 
It remains unclear whether adult females, after the reproductive season is over, regain 
their red coloration.  
 
 
Captures and Captivity Conditions 
 
 A total of 47 adults (21 females and 26 males) and 49 juveniles were captured, 
using a fishing pole with a loop of dental floss at the end, from April to June 2010 and 
2011 in Chapinería, southwestern Madrid Region, Spain (40º22’N, 4º13’W). The area is 
a Mediterranean oak forest with meadows, where oaks, Quercus ilex, and lavender, 
Lavandula stoechas, dominate vegetation patches surrounded by open areas. Lizards 
were placed in individual cloth bags (23 x 28 cm) in the shade immediately following 
capture to prevent overheating. After a maximum of 6 h from capture, they were 
transported by car to the Alcalá University Animal Research Centre, Madrid, for the 
experimental study. During transport, which never took longer than 1 h, lizards were 
kept in their individual cloth bags at a temperature of around 22 ºC. All lizards looked 
8 
healthy when they arrived at the laboratory. Lizards were then placed in individual 
terraria (42 x 26 cm and 19 cm high) with a thin layer of sand on the bottom and 
cardboard shelter (egg cartons). Olfactory, but not visual, contact between individuals 
was possible, through a mesh covering the top of the terrarium. The light cycle was 
12:12 h light:dark. Room temperature was 25 ºC and a bulb hanging over the edge of 
each terrarium provided a temperature gradient for thermoregulation. Lizards were 
supplied with food (two mealworms, Tenebrio molitor, dusted with vitamins) once a 
day, including the day of arrival at the laboratory, and water ad libitum. No lizard was 
kept in captivity for more than 79 days (mean + SD = 43.47 + 17.16 days, N = 96). We 
checked daily whether animals looked healthy and the food supplied had been eaten. All 
animals were released after the study in exactly the same places where they had been 
captured. All of them behaved normally when released. 
 
 
Experiment in Captivity 
 
 We classified lizards as juveniles or adults according to their SVL, considering 
individuals with SVL over 63 mm as adults (Bauwens & Díaz-Uriarte 1997; Castilla et 
al., 1992). Mean + SD SVL for adults and juveniles was 74.6 + 3.9 mm (range 67–82 
mm, N = 47) and 48.7 + 4.8 mm (range 39–63 mm, N = 49), respectively. Adults were 
sexed according to the base of the tail, which is much wider in males than in females 
(Blasco, 1975), but juveniles could not be sexed because sexual dimorphism in 
juveniles of this species is not evident in spring. All adult females captured were 
considered to be sexually receptive because they all showed the typical red coloration of 
9 
sexually receptive females in this species (Cuervo & Belliure, 2013) and there were no 
copulation marks or oviductal eggs in any of them. 
 Lizards were kept in their individual terraria at least 3 days before trials for 
acclimatization. We videotaped (JVC GZ-MG680 camera) encounters, each lasting 30 
min, between lizard pairs (one adult and one juvenile) in a neutral trial terrarium (77 x 
55 cm and 43 cm high) with a thin layer of sand on the bottom and no shelter (see 
Ethical Note). Both lizards were placed in the trial terrarium at the same time to avoid 
the effects of prior residency on the outcome of encounters (Cooper & Vitt, 1987; 
Olsson & Shine, 2000). Trials were performed from 1000 to 1700 hours local time, 
within the species’ period of activity (Busack, 1976). A bulb hanging over the middle of 
the trial terrarium provided light. The temperature in the trial terrarium was recorded in 
some encounters to ensure that it was within the activity range for the species (mean + 
SD = 32.9 + 2.1 ºC, range 29.7–35.3 ºC, N = 63; Belliure, Carrascal & Díaz, 1996). No 
lizard was involved in more than one trial per day to prevent prolonged or excessive 
stress. All encounters took place during the mating period (from mid-April to the end of 
June) in both years. 
 Two kinds of interactions between an adult of either sex and a juvenile were 
designed based on juvenile coloration: painted (hereafter, painted trials) and unpainted 
(hereafter, natural colour trials). In the painted trials, naturally red parts of juveniles 
were painted either white (adult-like coloration) or red (juvenile-like coloration) with 
nontoxic paint (Satin Paint, La Pajarita, Manises, Spain). Paint colour partially 
overlapped with the range of natural coloration this species develops, although juveniles 
included in this study did not reach the maximum red chroma observed in the species 
(Fig. 1). We attempted to mimic the reddest coloration found in juveniles of this species 
with red paint and to mimic adult coloration with white paint (see Appendix Fig. A1 for 
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reflectance spectra). The use of lizard models instead of real juveniles was not 
appropriate in this study because adult aggression may depend heavily on juvenile 
behaviour, as aggressive and submissive behaviours usually elicit different responses 
from the opponent (e.g. Van Dyk & Evans, 2008). 
 Four 45 min pilot tests were carried out to determine the optimal trial length, 
allowing some aggressive behaviour to happen while keeping it as short as possible to 
minimize lizard stress. According to these tests, 30 min seemed to be an appropriate 
length for trials because lizards started moving within the first 10 min, the number of 
times that juveniles were attacked and bitten within 30 min ranged from two to 16 and 
zero to one, respectively, and the level of aggressiveness was acceptable, i.e. juveniles 
were not injured when bitten and could flee when attacked. We tried to minimize the 
number of lizards involved in the trials but allowing a sample size sufficient to achieve 
large statistical power with at least medium effect size (for instance, a two-tailed t test 
with α = 0.05 reaches large power (e.g. 0.80) with medium effect size (e.g. 0.50) when 
N = 128, and in our aggression comparison between juveniles painted red and white, N 
= 124; see Results). A total of 216 interactions were recorded, but 13 videos were 
discarded as one of the animals remained immobile (this might imply a strong reaction 
to manipulation or captivity) and one video was discarded because of an error in 
juvenile colour measurement. Therefore, 202 interactions were used for the study: 124 
painted trials and 78 natural colour trials. Some individuals (41 juveniles and 33 adults) 
were used in both painted and natural colour trials, but each adult–juvenile pair was 
used only once. Mean + SD difference in SVL between adults and juveniles within pairs 
was 26.2 + 5.3 mm (range 14.5–39.0 mm, N = 202). For each trial, we counted (on 
video recordings) the aggressive behaviours that adults directed at juveniles, specifically 
attacking (fast direct approaches; low-intensity aggression) and biting (high-intensity 
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aggression). The number of times that juveniles were attacked (mean + SD = 3.27 + 
5.03, N = 202, range 0–27) or bitten (mean + SD = 0.50 + 1.22, N = 202, range 0–8) 
was not generally large. Moreover, attacking and biting never lasted for more than 5 and 
2 s, respectively, and biting never caused visible bleeding or injuries, so no interaction 
had to be prematurely stopped. Juveniles always fled (never counterattacked) when 
attacked or bitten. 
 In the painted trials, each adult was recorded from two to five times. Each trial 
consisted of an interaction with a juvenile of one of the two colour treatments (white or 
red). All adults took part in at least one trial with each colour treatment and participated 
in approximately the same number of trials per colour treatment. There were 63 trials 
with juveniles painted red (29 trials with 16 different adult females and 34 trials with 19 
different adult males) and 61 trials with juveniles painted white (28 trials with 16 
different adult females and 33 trials with 19 different adult males). A total of 45 
juveniles were used in this experiment, 34 of which were painted both white and red, 
but always presented to different adults in every trial, so the same adult–juvenile pair 
was never recorded twice. The first colour treatment presented to an adult was chosen at 
random, but ensuring a similar number of adults in the first trial with red (N = 19) and 
white (N = 16) treatments. We also randomized the first colour treatment applied to 
juveniles that were used in both red and white treatments, while ensuring a similar 
number of juveniles in the first trial were painted red (N = 24) and white (N = 21). As 
juveniles were randomly assigned to the red or white treatment and most of them were 
included in both, a significant difference in SVL or in natural colour parameters 
(brightness, red chroma and hue) between experimental treatments was not expected, 
and indeed did not occur (Student’s t test: t ≤ 0.51, P ≥ 0.610 in the four tests). 
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 In the natural colour trials, we measured the reflectance of hind limbs and tails 
of juveniles after each interaction as a measure of the colour shown by the juvenile (see 
Colour Measurements below). Each adult was recorded from one to three times. A total 
of 35 trials were recorded for 20 different adult females and 43 trials for 25 different 
adult males. We used 45 juveniles for these trials, of which 33 were used twice, but 
always with adults of different sex.  
 
Colour Measurements 
 
 Colour measurements are described in detail elsewhere (Cuervo & Belliure, 
2013). Briefly, we quantified the spectral properties of juvenile coloration after each 
natural colour trial by taking reflectance readings (with a USB 2000 spectrometer and a 
DT-MINI-2-GS tungsten halogen light source, Ocean Optics, Dunedin, FL, U.S.A.) in 
the range of 320–700 nm (Whiting et al. 2006). Four body regions (the rear part of both 
hind limbs and the ventral part of the tail around 1 cm and 2.5 cm from the cloaca) were 
measured three times each. Then, reflectances at 1 nm intervals in the range studied 
were calculated using AVICOLOR software (Gomez, 2006). From the reflectance data, 
three colour parameters were calculated as follows: brightness as the mean reflectance 
between 320 and 700 nm, red chroma as the sum of reflectances between 630 and 
700 nm divided by the sum of reflectances between 320 and 700 nm, and hue as the 
wavelength at which the maximum reflectance was recorded (Montgomerie, 2006). 
Although measurement error was relatively high, repeatability of the three colour 
parameters in each body region was statistically significant in all cases (repeatability 
according to Lessells & Boag (1987); brightness: 0.638 ≤ r ≤ 0.919; red chroma: 0.860 
≤ r ≤ 0.896; hue: 0.612 ≤ r ≤ 0.666; F78,158 ≥ 5.70, P < 0.001 in the 12 tests), so we 
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calculated the means for each body part. Likewise, as measurements in the four body 
regions were positively correlated (Pearson correlations; brightness: 0.535 ≤ r ≤ 0.878; 
red chroma: 0.454 ≤ r ≤ 0.801; hue: 0.235 ≤ r ≤ 0.547; N = 79, P ≤ 0.038 in the 18 
tests), they were all unified in single brightness, red chroma and hue values for each 
individual (the mean of the four body parts), and these values were then used for further 
analyses (Cuervo & Belliure, 2013). 
 
 
Statistical Analyses 
 
 We analysed whether juvenile natural colour or the experimental treatment (red- 
or white-painted tail) had an effect on the number of times juveniles were attacked or 
bitten using mixed-effect models, one of the best methods when the same individual 
appears in more than one experimental trial (Briffa et al., 2013). Specifically, we used 
generalized linear mixed models (GLMMs) with a Poisson error distribution. GLMMs 
always included the following terms: juvenile SVL, because opponent size may 
influence lizard behaviour (Arnott & Elwood, 2009); sex of the adult, as adult males 
were expected to be more aggressive than adult females (Baird et al., 2003); number of 
days the adult had been in captivity before the trial, as this might affect adult behaviour; 
adult identity as a random factor to control for possible differences between adults 
(apart from sex); and juvenile identity as another random factor to control for possible 
differences between juveniles (apart from SVL or coloration). In addition, juvenile 
colour parameters (brightness, red chroma and hue) measured immediately after each 
trial were included in analyses of natural colour trials, and experimental treatment (red 
or white) and also the interaction between experimental treatment and adult sex were 
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included in analyses of painted trails. Because the number of times bitten was positively 
related to times attacked in both natural colour and painted trials (natural colour trials: β 
+ SE = 0.184 + 0.044, Z = 4.20, N = 78, P < 0.001; painted trials: β + SE = 0.090 + 
0.023, Z = 3.91, N = 124, P < 0.001), all analyses of the number of times bitten were 
repeated including times attacked as another predictor. A backward stepwise procedure 
was used in all GLMMs, retaining only terms associated with P values below 0.10 in 
final models. We also checked whether the use of Akaike’s information criterion 
(Burnham & Anderson, 2002) to select final models yielded qualitatively identical 
results regarding the variables of interest (juvenile coloration and the experimental 
treatment), and this was indeed the case (the whole set of best models for every analysis 
according to Akaike’s information criterion can be found in Appendix Tables A1–A6). 
 We checked whether juvenile painting itself had any effect on adult behaviour by 
comparing the times attacked and bitten, and times bitten controlled for number of times 
attacked between naturally red juveniles and those painted red. The predictors included 
in the GLMMs with Poisson error distribution were juvenile SVL, type of juvenile 
(painted red or naturally red), number of days the adult had been in captivity before the 
trial, adult sex and the interaction between the type of juvenile and adult sex. We also 
included adult and juvenile identity as random factors. 
 All statistical analyses were carried out using R (R Development Core Team, 
2014). GLMMs were implemented using the lme4 package (Bates, Maechler, Bolker & 
Walker, 2014). All statistical tests were two tailed and the significance level was 0.05. 
 
 
Ethical Note 
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 This study was conducted following the ASAB/ABS (2006) and ASIH (2004) 
guidelines for the treatment of animals in behavioural research, and complied with the 
laws of Spain and the Madrid Autonomous Region. Permission to capture and keep 
spiny-footed lizards in captivity was given by the Madrid Autonomous Region 
Environment Department (permit number 10/163269.9/10 in 2010 and 10/315072.9/11 
in 2011).  
Capture methods, captivity conditions and release procedures used in this study 
seemed to be appropriate as determined by our previous experience with this species 
both in the field and in the laboratory (Belliure & Carrascal, 2002; Belliure et al., 1996; 
Cuervo & Belliure, 2013). The capture method used in this study (noosing) is 
appropriate for small lizards (Fitzgerald, 2012) and has been used with other lizard 
species with no apparent detrimental effect (e.g. Healy, Uller & Olsson, 2007; López, 
Hawlena, Polo, Amo & Martín, 2005). We observed no adverse effects of noosing and 
transport to the laboratory, and all individuals were in good condition during both 
housing and experimental procedures. When animals arrived at the laboratory, they were 
gently handled to measure their size and weight. This first handling of the individuals 
also served to detect any abnormality in physical condition or appearance that could 
indicate an individual was not in good health. An endpoint criterion for the experimental 
trials (Morton & Hau, 2010) was established a priori: trials should be terminated if 
attacking lasted more than 15 s, if biting lasted more than 5 s, or if biting caused injury 
or bleeding. As these levels of aggression never happened, there was no need to 
interrupt any trial. None of the lizards studied showed any sign of stress or pain (all of 
them behaved and fed normally) after each experimental trial. No shelter was provided 
in the experimental arena because juveniles were expected to act always as subordinates 
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and might have retreated to the shelter, thus preventing any aggressive interaction taking 
place and making it impossible to perform the experiment.  
When lizards were released in the field after the study, they always behaved 
normally, i.e. they immediately fled to hide under the vegetation and, after a short time 
(seconds or a few minutes), began basking or searching for food. Neither captivity nor 
the experiment seemed to affect lizard survival negatively, as the percentage of 
individuals recaptured in 2011 (17%) was similar to recapture rates reported for 
Acanthodactylus lizards in other field studies (e.g. Rehman, Ahmed & Fakhri, 2002). 
Although the study was conducted during the mating season, no adverse consequences 
for the studied population were detected, possibly owing to the small proportion of 
lizards captured and to the resilience of this species to the extraction of individuals 
(Busack & Jaksić, 1982). In fact, a reduction in capture rate during the study or in the 
following seasons was not noticed.  
 
 
RESULTS 
  
 Natural red coloration of juveniles was not significantly related to adult 
aggression, as no colour parameter was retained in the final models explaining the 
number of times attacked or the number of times bitten (either absolute or relative to 
times attacked). Times attacked was not significantly related to any of the predictors 
considered, whereas times bitten (both absolute and relative to times attacked) increased 
as adults spent more time in captivity prior to the trials (GLMMs; Z ≥ 2.12, N = 78, P ≤ 
0.033 in the two tests). 
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 Juveniles painted red or white in painted trials did not differ in the number of 
times attacked, as none of the predictors was retained in the final model (GLMM 
including experimental treatment as the only predictor: β + SE = 0.198 + 0.147, Z = 
1.35, N = 124, P = 0.178). When number of times bitten was analysed, we found that 
adult males were biting more than adult females (Table 1), but juveniles painted red or 
white did not differ in the number of times bitten (Table 1). However, if number of 
times attacked was included in the model, juveniles painted red were bitten less than 
those painted white, and adult males were still biting more than adult females (Table 2, 
Fig. 2). The fact that the interaction between experimental treatment and adult sex was 
excluded from the final model when times bitten was controlled for times attacked 
(Table 2) implies that the reduction in adult aggressiveness towards red-painted 
juveniles occurred in adults of both sexes. 
 The number of times juveniles painted red and unpainted (i.e. naturally red) 
were attacked and bitten did not differ significantly, as no predictor was retained in the 
final models (GLMMs including experimental treatment as the only predictor: Z ≤ 
0.680, N = 141, P ≥ 0.496 in the three tests), suggesting that the paint itself did not 
significantly affect adult behaviour.  
 As we found significant differences in the number of times juveniles painted red 
and white were bitten relative to times attacked, and given that both groups showing red 
coloration were bitten a similar number of times, we explored whether juveniles 
showing natural red coloration were also bitten less than juveniles painted white while 
simultaneously controlling for times attacked. We repeated the same analysis used to 
compare juveniles painted red and white, but using the natural colour group instead of 
the one painted red. As expected, juveniles showing natural red coloration were bitten 
less than juveniles painted white (final GLMM including type of juvenile, number of 
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times attacked, adult sex and time in captivity; type of juvenile: β + SE = 1.325 + 0.494, 
Z = 2.68, N = 139, P = 0.007; all other predictors: Z ≥ 2.51, N = 139, P ≤ 0.012). 
 
 
DISCUSSION 
 
 In this study, we found that adult spiny-footed lizards were less aggressive 
towards red juveniles in painted trials: juveniles painted red were bitten less than those 
painted white when controlling for times attacked. Although red-painted juveniles were 
not attacked or bitten less than those painted white, once a juvenile was attacked, its 
probability of being bitten was lower if it was painted red, implying a difference in adult 
aggressiveness depending on juvenile colour. Therefore, our results support the 
aggression avoidance hypothesis, i.e. that juvenile red coloration reduces aggression by 
adults. Similar results were found in a different lizard species when adult male 
aggression was compared between subadult males with or without juvenile/female 
coloration (Werner, 1978), although subadult males with juvenile/female coloration 
were probably recognized as adult females, whereas red-painted juveniles in our study 
were probably recognized as juveniles (see below for the possible mechanisms behind 
the reduction in aggressiveness). Other studies, however, have not found a reduction in 
aggression towards conspicuously coloured juveniles (Cooper & Vitt, 1985; Husak et 
al., 2004), suggesting that conspicuous juvenile coloration may have different functions 
in different lizard species. 
 This study enabled us to test the importance of the presence/absence of red 
juvenile coloration (painted trials) and of the natural variation in red juvenile coloration 
(natural colour trials) to adult aggressiveness. The combination of three different results 
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suggests that the probability of juveniles being bitten (once they have been attacked) is 
reduced simply by displaying red coloration, regardless of small variations in the 
expression of the signal. First, red juveniles (both naturally red and painted red) were 
bitten less than those painted white when controlling for times attacked. Second, 
naturally red juveniles and those painted red were bitten a similar number of times. 
Third, there was no significant relationship between natural red colour expression and 
times bitten. There was an escalation in intensity of aggression (i.e. an increase in the 
number of times bitten once the juvenile had been attacked) towards juveniles painted 
white, possibly because adults considered adult-like juveniles real adults and thus 
potential competitors, at least for some period of time and despite their smaller size 
(Laubach, Blumstein, Romero, Sampson & Foufopoulos, 2013; Martín & Forsman, 
1999; Rohwer, 1977). In contrast, both naturally red juveniles and those painted red 
showed the typical red coloration of their age class, so adults behaved as they normally 
do with juveniles showing subordinate behaviour which does not imply real competition 
for resources, i.e. without resorting to high-intensity aggression. Thus, the presence of 
red coloration in juveniles reduced the probability that low-intensity adult aggression 
(attacking) escalated into high-intensity aggression (biting). 
 Body size was expected to have an effect on adult behaviour because it is used 
by reptiles to assess fighting ability, with larger individuals being stronger competitors 
than smaller ones (Andersson, 1994; Olsson & Shine, 2000). Body size is usually 
correlated, among other features, with the ability to cause injury (Arnott & Elwood, 
2009). In our study, juveniles of different sizes were used in the trials and juvenile SVL 
was therefore included in our statistical models. However, no significant effect of 
juvenile body size on adult aggression was found in any statistical test for either of the 
two types of trials (painted and natural colour trials). The reason juvenile body size had 
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no significant effect on the number of times attacked or bitten may be the considerable 
difference in body size between the juvenile and the adult in each encounter, which was 
always more than 14 mm SVL and usually more than 20 mm SVL (see Experiment in 
Captivity). Juvenile fighting ability was probably always perceived by adults as modest, 
and small variations in juvenile size would not affect that perception. 
 Adult males in this study were more aggressive towards juveniles (biting more) 
than adult females. This result was expected because trials were recorded during the 
mating season, when adult male lizards are usually more aggressive to defend territories 
or to gain access to females (Baird et al., 2003). Home ranges have been defined for age 
and sex classes in this species (Seva Román, 1982), but the possible defence of these 
areas has not yet been studied, so it is not known whether this species is territorial. In 
reptiles, territorial species (in which aggressive encounters are common) have 
developed stereotyped aggressive displays to assess the fighting ability of the opponent, 
and thereby avoid escalation of aggression unless necessary (Whiting, Nagy & 
Bateman, 2003). Although this kind of behaviour has not been described for spiny-
footed lizards, and no such display was observed during the trials, our results suggest 
that adult males are aggressive (at least more than adult females) towards possible 
competitors during the mating season. In any case, aggressive behaviour in lizards may 
be influenced by many different factors other than territoriality, such as population 
density (Manteuffel, 2001) or food availability (Simon, 1975), probably often mediated 
by circulating levels of steroid hormones (e.g. testosterone; Moore, 1987).  
 This study tested the hypothesis that red coloration in juvenile spiny-footed 
lizards was associated with a reduction in aggression by adults, and found results 
consistent with the hypothesis. Two mechanisms have been hypothesized to explain the 
reduction in aggressiveness associated with juvenile coloration, the status-signalling 
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hypothesis (Rohwer, 1977) and the female mimicry hypothesis (Rohwer, Fretwell & 
Niles, 1980). These mechanisms have been studied mainly in birds (e.g. VanderWerf & 
Freed, 2003; Vergara & Fargallo, 2007), but have not generally been investigated in 
other taxa. In both hypotheses, the ultimate function of the colour signal is aggression 
avoidance, but the underlying mechanism is different: whereas female mimicry implies 
that adult males cannot distinguish between females and juveniles, status signalling 
suggests that juvenile coloration announces subordination and is not necessarily 
mimetic. Female mimicry might be possible in this system, as red coloration is present 
in juveniles and in sexually receptive females (Cuervo & Belliure, 2013; Seva Román, 
1982), but a peculiarity of this and other lizard species is that males looking for mating 
opportunities try to bite females in order to hold them down and ensure copulation (e.g. 
Bosch & Zandee, 2001). Therefore, it would be a poor strategy for juveniles to mimic 
receptive females, as this might increase rather than reduce aggression by adult males. 
Although our experimental design does not allow us to discriminate between these two 
mechanisms, current knowledge on the ecology of the species would be more in 
accordance with the status-signalling hypothesis. The fact that the reduction in adult 
aggressiveness towards red-painted juveniles occurred in adults of both sexes (also in 
females) provides further support for the status-signalling hypothesis in this species. 
 To summarize, our results support the aggression avoidance hypothesis, 
suggesting that red coloration in juvenile spiny-footed lizards reduces aggression from 
adults. The mere presence of this colour signal in juveniles, regardless of small 
variations in its expression, informs adults of both sexes about age or sexual immaturity 
(and thus possibly subordination).  
22 
 
 
Acknowledgments 
 
 We thank C. Esteban, J. Calatayud, M. Cruz, M. Almarcha and C. Zaragoza for 
their help with captures, lizard maintenance and experimental set-up. Deborah Fuldauer 
revised English language usage. This study was funded by the Spanish Ministry of 
Education and Science and the European Regional Development Fund (grant CGL2008-
00137/BOS). 
 
23 
REFERENCES 
 
Andersson, M. (1994). Sexual selection. Princeton, NJ: Princeton University Press. 
Arnold, E. N. (1984). Evolutionary aspects of tail shedding in lizards and their relatives. 
Journal of Natural History, 18, 127-169. 
Arnold, E. N. (1988). Caudal autotomy as a defense. In C. Gans, & R. B. Huey (Eds.), 
Biology of the reptilia. Vol. 16. Ecology B: Defense and life history (pp. 235-
274). New York, NY: Alan R. Liss. 
Arnott, G., & Elwood, R. W. (2009). Assessment of fighting ability in animal contests. 
Animal Behaviour, 77, 991-1004. 
ASAB/ABS (2006). Guidelines for the treatment of animals in behavioural research and 
teaching. Animal Behaviour, 71, 245-253.  
ASIH (2004). Guidelines for use of live amphibians and reptiles in field and laboratory 
research (2nd ed.). Lawrence, KA: Herpetological Animal Care and Use 
Committee (HACC) of the American Society of Ichthyologists and 
Herpetologists. 
Bailey, N. W. (2011). A test of the relationship between cuticular melanism and immune 
function in wild-caught Mormon crickets. Physiological Entomology, 36, 155-
164. 
Baird, T. A., Timanus, D. K., & Sloan, C. L. (2003). Intra- and intersexual variation in 
social behavior: Effects of ontogeny, phenotype, resources, and season. In S. F. 
Fox, J. K. McCoy, & T. A. Baird (Eds.), Lizard social behavior (pp. 7-46). 
Baltimore, MD: Johns Hopkins University Press. 
24 
Barrios-Miller, N. L., & Siefferman, L. (2013). Evidence that fathers, but not mothers, 
respond to mate and offspring coloration by favouring high-quality offspring. 
Animal Behaviour, 85, 1377-1383. 
Bateman, P. W., & Fleming, P. A. (2009). To cut a long tail short: a review of lizard 
caudal autotomy studies carried out over the last 20 years. Journal of Zoology, 
277, 1-14. 
Bates, D., Maechler, M., Bolker, B., & Walker, S. (2014). lme4: Linear mixed-effects 
models using Eigen and S4. R package version 1.1-7. http://CRAN.R-
project.org/package=lme4/. 
Bauwens, D. (1981). Survivorship during hibernation in the European common lizard, 
Lacerta vivipara. Copeia, 1981, 741-744. 
Bauwens, D., & Díaz-Uriarte, R. (1997). Covariation of life-history traits in lacertid 
lizards: a comparative study. American Naturalist, 149, 91-111. 
Belliure, J., & Carrascal, L. M. (2002). Influence of heat transmission mode on heating 
rates and on the selection of patches for heating in a Mediterranean lizard. 
Physiological and Biochemical Zoology, 75, 369-376. 
Belliure, J., Carrascal, L., & Díaz, J. (1996). Covariation of thermal biology and 
foraging mode in two Mediterranean lacertid lizards. Ecology, 77, 1163-1173. 
Blasco, M. (1975). Dimorfismo sexual en una población de Acanthodactylus erythrurus 
Schinz, procedente del litoral arenoso de Málaga [Sexual dimorphism in a 
population of Acanthodactylus erythrurus Schinz, from sandy coastal habitat in 
Málaga]. Cuadernos de Ciencias Biológicas, 4, 5-10. 
Bosch, H. A. J., In Den & Zandee, M. (2001). Courtship behaviour in lacertid lizards: 
phylogenetic interpretations of the Lacerta kulzeri complex (Reptilia: 
Lacertidae). Netherlands Journal of Zoology, 51, 263-284. 
25 
Bradbury, J. W., & Vehrencamp, S. L. (2011). Principles of animal communication (2nd 
ed.). Sunderland, MA: Sinauer Associates. 
Briffa, M., Hardy, I. C. W., Gammell, M. P., Jennings, D. J., Clarke D. D., & Goubault, 
M. (2013). Analysis of animal contest data. In I. C. W. Hardy, & M. Briffa (Eds.) 
Animal contest (pp. 47-85). Cambridge, U.K.: Cambridge University Press. 
Burnham , K. P., & Anderson, D. R. (2002). Model selection and multimodel inference: 
A practical information-theoretic approach (2nd ed.). New York, NY: Springer-
Verlag. 
Busack, S. D. (1976). Activity cycles and body temperatures of Acanthodactylus 
erythrurus (Sauria: Lacertidae). Copeia, 1976, 826-830. 
Busack, S. D., & Jaksić, F. M. (1982). Autecological observations of Acanthodactylus 
erythrurus (Sauria: Lacertidae) in southern Spain. Amphibia-Reptilia, 3, 237-
255. 
Carothers, J. H. (1981). Dominance and competition in an herbivorous lizard. 
Behavioral Ecology and Sociobiology, 8, 261-266. 
Carpenter, G. C. (1995). The ontogeny of a variable social badge: throat color 
development in tree lizards (Urosaurus ornatus). Journal of Herpetology, 29, 7-
13. 
Carretero, M. A., & Llorente, G. A. (1993). Morphometry in a community of 
Mediterranean lacertid lizards, and its ecological relationships. Historia 
Animalium, 2, 77-99. 
Castilla, A. M., Barbadillo, L. J., & Bauwens, D. (1992). Annual variation in 
reproductive traits in the lizard Acanthodactylus erythrurus. Canadian Journal 
of Zoology, 70, 395-402. 
26 
Clark, D. R., Jr., & Hall, R. J. (1970). Function of the blue tail coloration of the five-
lined skink Eumeces fasciatus. Herpetologica, 26, 271-274. 
Cooper, W. E., Jr. (2000). Tradeoffs between predation risk and feeding in a lizard, the 
broad-headed skink (Eumeces laticeps). Behaviour, 137, 1175-1189. 
Cooper, W. E., Jr., & Greenberg, N. (1992). Reptilian coloration and behavior. In C. 
Gans, & D. Crews (Eds.). Biology of the reptilia. Vol. 18. Physiology E: 
Hormones, brain, and behavior (pp. 298-422). Chicago, IL: University of 
Chicago Press. 
Cooper, W. E., Jr., Pérez-Mellado, V., Baird, T., Baird, T. A., & Caldwell, J. P. (2003). 
Effects of risk, cost, and their interaction on optimal escape by nonrefuging 
Bonaire whiptail lizards, Cnemidophorus murinus. Behavioral Ecology, 14, 288-
293. 
Cooper, W. E., Jr., & Vitt, L. J. (1985). Blue tails and autotomy: enhancement of 
predation avoidance in juvenile skinks. Zeitschrift für Tierpsychologie, 70, 265-
276. 
Cooper, W. E., Jr., & Vitt, L. J. (1987). Deferred agonistic behavior in a long-lived 
scincid lizard Eumeces laticeps. Field and laboratory data on the roles of body 
size and residence in agonistic strategy. Oecologia, 72, 321-326. 
Cott, H. B. (1940). Adaptive coloration in animals (2nd ed.). London, U.K.: Methuen. 
Cuervo, J. J., & Belliure, J. (2013). Exploring the function of red colouration in female 
spiny-footed lizards (Acanthodactylus erythrurus): patterns of seasonal colour 
change. Amphibia-Reptilia, 34, 525-538. 
de Ayala, R. M., Saino, N., Møller, A. P., & Anselmi, C. (2007). Mouth coloration of 
nestlings covaries with offspring quality and influences parental feeding 
behavior. Behavioral Ecology, 18, 526-534. 
27 
Fitzgerald, L. A. (2012). Finding and capturing reptiles. In R. W. McDiarmid, M. S. 
Foster, C. Guyer, J. W. Gibbons, & N. Chernoff (Eds.). Reptile biodiversity: 
standard methods for inventory and monitoring (pp. 77-88). Berkeley, CA: 
University of California Press. 
Gomez, D. (2006). AVICOL, a programme to analyse spectrometric data. Last update 
October 2011. https://sites.google.com/site/avicolprogram/. 
Hawkins, G. L., Hill, G. E., & Mercadante, A. (2012). Delayed plumage maturation and 
delayed reproductive investment in birds. Biological Reviews, 87, 257-274. 
Hawlena, D., Boochnik, R., Abramsky, Z., & Bouskila, A. (2006). Blue tail and striped 
body: why do lizards change their infant costume when growing up? Behavioral 
Ecology, 17, 889-896. 
Healey, M., Uller, T., & Olsson, M. (2007). Seeing red: morph-specific contest success 
and survival rates in a colour-polymorphic agamid lizard. Animal Behaviour, 74, 
337-341. 
Hill, G. E. (1989). Late spring arrival and dull nuptial plumage: aggression avoidance by 
yearling males? Animal Behaviour, 37, 665-673. 
Husak, J. F., McCoy, J. K., Fox, S. F., & Baird, T. A. (2004). Is coloration of juvenile 
male collared lizards (Crotaphytus collaris) female mimicry?: An experimental 
test. Journal of Herpetology, 38, 156-160. 
Kemp, D. J. (2006). Heightened phenotypic variation and age-based fading of 
ultraviolet butterfly wing coloration. Evolutionary Ecology Research, 8, 515-
527. 
Laubach, Z. M., Blumstein, D. T., Romero, L. M., Sampson, G., & Foufopoulos, J. 
(2013). Are white-crowned sparrow badges reliable signals? Behavioral Ecology 
and Sociobiology, 67, 481-492. 
28 
Lessells, C. M., & Boag, P. T. (1987). Unrepeatable repeatabilities–a common mistake. 
Auk, 104, 116-121. 
López, P., Hawlena, D., Polo, V., Amo, L. & Martín, J. (2005). Sources of individual 
shy-bold variations in antipredator behaviour of male Iberian rock lizards. 
Animal Behaviour, 69, 1-9. 
Martín, J., & Forsman, A. (1999). Social costs and development of nuptial coloration in 
male Psammodromus algirus lizards: an experiment. Behavioral Ecology, 10, 
396-400. 
Montgomerie, R. (2006). Analyzing colors. In G. E. Hill, & K. J. McGraw (Eds.). Bird 
coloration. Vol. I. Mechanisms and measurements (pp. 90-147). Cambridge, 
MA: Harvard University Press. 
Manteuffel, V. M. (2001). Density-dependent processes in the juvenile stage of the life 
cycle in the striped plateau lizard, Sceloporus virgatus (Doctoral dissertation). 
Coral Gables, FL: University of Miami. 
Moore, M. C. (1987). Circulating steroid hormones during rapid aggressive response of 
territorial male mountain spiny lizards, Sceloporus jarrovi. Hormones and 
Behavior, 21, 511-521. 
Morton, D. B., & Hau, J. (2010). Welfare assessment and humane endpoints. In J. Hau, 
& S. J. Schapiro (Eds.). Handbook of laboratory animal science. Vol. 1. 
Essential principles and practices (3rd ed., pp. 535-572). Boca Raton, FL: CRC 
Press. 
Ochi, H., & Awata, S. (2009). Resembling the juvenile colour of host cichlid facilitates 
access of the guest cichlid to host territory. Behaviour, 146, 741-756. 
29 
Olsson, M., & Shine, R. (2000). Ownership influences the outcome of male-male 
contests in the scincid lizard, Niveoscincus microlepidotus. Behavioral Ecology, 
11, 587-590. 
Pérez-Cembranos, A., Pérez-Mellado, V., & Cooper, W. E., Jr. (2013). Predation risk 
and opportunity cost of fleeing while foraging on plants influence escape 
decisions of an insular lizard. Ethology, 119, 522-530. 
Pollo, C. J., & Pérez-Mellado, V. (1990). Biología reproductora de tres especies 
mediterráneas de Lacertidae [Reproductive biology in three species of 
Mediterranean Lacertidae]. Mediterránea, Serie de Estudios Biológicos, 12, 
149-160. 
R Core Team (2014). R: a language and environment for statistical computing. Version 
3.1.2. Vienna, Austria: R Foundation for Statistical Computing. http://www.R-
project.org/. 
Rehman, H., Ahmed, S. I., & Fakhri, S. (2002). Home range and growth rate of fringe-
toed sand lizard (Acanthodactylus cantoris cantoris) at Hawksbay area, Karachi. 
Records Zoological Survey of Pakistan, 14, 49-54. 
Rohwer, S. (1977). Status signaling in Harris sparrows: some experiments in deception. 
Behaviour, 61, 107-129. 
Rohwer, S., Fretwell, S. D., & Niles, D. M. (1980). Delayed maturation in passerine 
plumages and the deceptive acquisition of resources. American Naturalist, 115, 
400-437. 
Seva Román, E. (1982). Taxocenosis de lacértidos en un arenal costero alicantino 
[Taxocenosis of Lacertidae in a sandy coastal location in Alicante] (Doctoral 
dissertation). Alicante, Spain: University of Alicante. 
30 
Simon, C. A. (1975). The influence of food abundance on territory size in the iguanid 
lizard Sceloporus jarrovi. Ecology, 56, 993-998. 
Tringali, A., & Bowman, R. (2012). Plumage reflectance signals dominance in Florida 
scrub-jay, Aphelocoma coerulescens, juveniles. Animal Behaviour, 84, 1517-
1522. 
van den Brink, V., Henry, I., Wakamatsu, K., & Roulin, A. (2012). Melanin-based 
coloration in juvenile kestrels (Falco tinnunculus) covaries with anti-predatory 
personality traits. Ethology, 118, 673-682. 
Van Dyk, D. A., & Evans, C. S. (2008). Opponent assessment in lizards: examining the 
effect of aggressive and submissive signals. Behavioral Ecology, 19, 895-901. 
VanderWerf, E. A., & Freed, L. A. (2003). 'Elepaio subadult plumages reduce 
aggression through graded status-signaling, not mimicry. Journal of Field 
Ornithology, 74, 406-415. 
Vergara, P., & Fargallo, J. A. (2007). Delayed plumage maturation in Eurasian kestrels: 
female mimicry, subordination signalling or both? Animal Behaviour, 74, 1505-
1513. 
Werner, D. I. (1978). On the biology of Tropidurus delanonis, Baur (Iguanidae). 
Zeitschrift für Tierpsychologie, 47, 337-395. 
Whiting, M. J., Nagy, K. A., & Bateman, P. W. (2003). Evolution and maintenance of 
social status-signaling badges: Experimental manipulations in lizards. In S. F. 
Fox, J. K. McCoy, & T. A. Baird (Eds.). Lizard social behavior (pp. 47-82). 
Baltimore, MA: Johns Hopkins University Press. 
Whiting, M. J., Stuart-Fox, D. M., O'Connor, D., Firth, D., Bennett, N. C., & Blomberg, 
S. P. (2006). Ultraviolet signals ultra-aggression in a lizard. Animal Behaviour, 
72, 353-363. 
31 
Wilson, B. S. (1992). Tail injuries increase the risk of mortality in free-living lizards 
(Uta stansburiana). Oecologia, 92, 145-152. 
 
32 
Table 1 
GLMM explaining the number of times juveniles were bitten in painted trials (N = 124) 
 
 β + SE Z P 
Intercept -2.512 + 0.745 -3.37 < 0.001 
Experimental treatment 0.210 + 0.598 0.35 0.725 
Adult sex 1.510 + 0.725 2.08 0.037 
Time in captivity 0.053 + 0.027 1.95 0.051 
Experimental treatment * Adult sex -1.306 + 0.751 -1.74 0.082 
 
Juvenile SVL was removed from the final model after a backward stepwise procedure 
(see Statistical Analyses for details of the test).  
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Table 2 
GLMM explaining the number of times juveniles were bitten in painted trials while 
simultaneously controlling for the number of times attacked (N = 124) 
 
 β + SE Z P 
Intercept -2.196 + 0.511 -4.30 < 0.001
Number times attacked 0.155 + 0.032 4.86 < 0.001
Experimental treatment -1.021 + 0.337 -3.03 0.002
Adult sex 0.966 + 0.465 2.08 0.038
 
Juvenile SVL, time in captivity and the interaction between experimental treatment and 
adult sex were removed from the final model after a backward stepwise procedure (see 
Statistical Analyses for details of the test). 
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Figure captions 
 
Figure 1. Mean, maximum and minimum (a) brightness, (b) red chroma and (c) hue of 
hind legs and ventral tail in spiny-footed lizards and of the paints used for red and white 
experimental treatments. Red paint (RP; N = 12) and white paint (WP; N = 12) were 
measured on the lizard. Lizard classes: TJ = trial juveniles (all juveniles used in the 
natural colour trials, N = 78); RF = receptive females (all females used in painted or 
natural colour trials, N = 20); RJ = reddest juveniles (sample of the reddest juveniles of 
this species, N = 12); M = males (N = 5); GF = gravid females (N = 20). Classes RJ, M 
and GF include individuals not used in this study and are shown for comparative 
purposes. All colour measurements were taken on day of capture except for TJ, which 
were taken immediately after natural colour trials.  
 
Figure 2. Mean ± SE relative number of times juvenile spiny-footed lizards painted red 
or white were bitten (controlled for number of attacks) by adults of both sexes in 
painted trials. Relative numbers of times bitten were residuals from a GLMM including 
number of attacks as the only predictor (see Statistical Analyses and Table 2). 
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APPENDIX 
 
Table A1 
Best models explaining the number of times juvenile spiny-footed lizards were attacked 
by adults in natural colour trials using Akaike’s information criterion (AICc)  
 
Model AICc ∆AICc 
SVL 365.45 0.00 
SVL + time in captivity 365.68 0.22 
Hue + SVL 365.87 0.42 
Hue + SVL + time in captivity 366.42 0.96 
No predictor 366.48 1.03 
Adult sex + SVL 366.91 1.45 
Time in captivity 366.94 1.48 
Red chroma + SVL 367.12 1.67 
Adult sex + SVL + time in captivity 367.25 1.80 
 
Only models differing by less than 2 AICc units from the model with the smallest AICc 
are shown. Adult and juvenile identities are included as random factors in all models.
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Table A2 
Best models explaining the number of times juvenile spiny-footed lizards were bitten by 
adults in natural colour trials using Akaike’s information criterion (AICc) 
 
Model AICc ∆AICc 
Time in captivity  109.35 0.00 
SVL + time in captivity  110.01 0.66 
Hue + time in captivity  111.17  1.82 
 
Only models differing by less than 2 AICc units from the model with the smallest AICc 
are shown. Adult and juvenile identities are included as random factors in all models. 
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Table A3 
Best models explaining the number of times juvenile spiny-footed lizards were bitten by 
adults while simultaneously controlling for the number of times attacked in natural 
colour trials using Akaike’s information criterion (AICc) 
 
Model AICc ∆AICc 
Time in captivity  94.59 0.00 
Brightness + time in captivity  95.40 0.81 
No predictor (apart from times attacked)  96.30 1.71 
Adult sex + time in captivity  96.43 1.85 
Hue + time in captivity  96.49 1.90 
 
Only models differing by less than 2 AICc units from the model with the smallest AICc 
are shown. Adult and juvenile identities are included as random factors in all models. 
Number of times attacked is also included in all models. 
41 
Table A4 
Best models explaining the number of times juvenile spiny-footed lizards were attacked 
by adults in painted trials using Akaike’s information criterion (AICc) 
 
Model AICc ∆AICc 
No predictor  586.18  0.00 
Experimental treatment  586.64  0.46 
Time in captivity  587.88  1.70 
 
Only models differing by less than 2 AICc units from the model with the smallest AICc 
are shown. Adult and juvenile identities are included as random factors in all models. 
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Table A5 
Best models explaining the number of times juvenile spiny-footed lizards were bitten by 
adults in painted trials using Akaike’s information criterion (AICc) 
 
Model AICc ∆AICc 
Experimental treatment + adult sex + time in captivity + 
experimental treatment * adult sex  250.89 0.00 
Experimental treatment  251.40 0.51 
Experimental treatment + adult sex  251.90 1.01 
Experimental treatment + adult sex + time in captivity  251.91 1.02 
Experimental treatment + time in captivity  252.03 1.14 
Experimental treatment + adult sex + experimental 
treatment * adult sex  252.19 1.30 
 
Only models differing by less than 2 AICc units from the model with the smallest AICc 
are shown. Adult and juvenile identities are included as random factors in all models. 
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Table A6 
Best models explaining the number of times juvenile spiny-footed lizards were bitten by 
adults while simultaneously controlling for the number of times attacked in painted 
trials using Akaike’s information criterion (AICc) 
 
Model AICc ∆AICc 
Experimental treatment + adult sex  232.83 0.00 
Experimental treatment + adult sex + time in captivity  233.63 0.80 
Experimental treatment + adult sex + experimental 
treatment * adult sex  234.70 1.87 
 
Only models differing by less than 2 AICc units from the model with the smallest AICc 
are shown. Adult and juvenile identities are included as random factors in all models. 
Number of times attacked is also included in all models. 
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Figure A1. Mean, maximum and minimum reflectance spectra of (a) red paint (N = 12) 
and natural red coloration of some of the reddest juvenile spiny-footed lizards (N = 12), 
(b) red paint and natural red coloration of juveniles used in the natural colour trials (N = 
78), (c) red paint and natural red coloration in sexually receptive females used in 
painted and/or natural colour trials (N = 20), (d) white paint (N = 12) and natural white 
coloration in adult males (N = 5), and (e) white paint and natural white coloration in 
gravid females (N = 20). See Colour Measurements and Fig. 1 legend for further details. 
 
45 
320 355 390 425 460 495 530 565 600 635 670 700
Wavelength (nm)
0
10
20
30
40
50
60
70
80
90
100
R
ef
le
ct
an
ce
 (%
)
 Red paint
 Reddest juveniles
320 355 390 425 460 495 530 565 600 635 670 700
Wavelength (nm)
0
10
20
30
40
50
60
70
80
90
100
R
ef
le
ct
an
ce
 (%
)
 Red paint
 Trial juveniles
Figure A1 
 
 
             (a) 
 
 
 
 
 
 
 
 
 
 
             (b) 
 
 
 
 
 
 
 
 
 
 
46 
320 355 390 425 460 495 530 565 600 635 670 700
Wavelength (nm)
0
10
20
30
40
50
60
70
80
90
100
R
ef
le
ct
an
ce
 (%
)
 Red paint
 Receptive females
320 355 390 425 460 495 530 565 600 635 670 700
Wavelength (nm)
0
10
20
30
40
50
60
70
80
90
100
R
ef
le
ct
an
ce
 (%
)
 White paint
 Males
 
 
 
             (c) 
 
 
 
 
 
 
 
 
 
 
             (d) 
 
 
 
 
 
 
 
 
 
 
47 
320 355 390 425 460 495 530 565 600 635 670 700
Wavelength (nm)
0
10
20
30
40
50
60
70
80
90
100
R
ef
le
ct
an
ce
 (%
)
 White paint
 Gravid females
 
 
 
             (e) 
 
 
 
 
 
 
 
 
 
 
 
 
 
